Powder dift"ractometry at the Photon Factory has been carried out with a diffractometer specially designed for measurements on molten salts, liquids, amorphous solids and polycrystalline materials. The main work done with the diffractometer has been structure analysis, and the study of phase transitions at high pressure and high temperature on Ge02' In 1986 a new powder diffractometer was designed and constructed. The aims of the new diffractometer are to allow easy alignment and provide sufficient accuracy for measurements taking advantage of anomalous dispersion and also to provide for energy dispersive diffractometry. The basic features are described.
Introduction
Powder diffractometry at the Photon Factory has been carried out with a diffractometer specially designed for measurements on molten salts, liquids, amorphous materials and polycrystalline solids. In 1986 a new powder diffractometer was designed and constructed, and a new age of powder diffractometry at the Photon Factory was opened. This report will be divided into two parts. The first deals with investigations carried out with the old goniometer and the second describes the basic characteristics of the new goniometer.
The first part includes Rietveld analysis on Ge0 2 and investigations on the phase transitions ofGe0 2 at high temperature and high pressure. The second part is mainly devoted to the design of the new diffractometer, reproducibility of the wavelength selected by the monochromator and the accuracy of monitoring. 
The a-quartz type structure of Ge02 (P3 1 2, z = 3) has been investigated by Rietveld structure refinement. The sample was prepared by annealing a commercial Ge02 powder at 1OS0oe for 49 hours. The collection of the diffraction intensity data was carried out by three methods: (1) using a monochromatised synchrotron orbital radiation (SOR) beam with a scintillation detector, (2) using the same SOR beam with a Ge solid state detector (SSD) and (3) using a conventional Cu X-ray tube with a scintillation counter (SC). The wavelength of the SOR beam was 0·6654 A.
The result of a profile fitting procedure with the pseudo-Voigt profile function for the Rietveld analysis in the case of the first example is shown in Fig. 1 . The R factor for profile fitting was 0·119. It was 0·154 in the second method because of the asymmetry of the line profile. In the third method the gaussian fraction was about 0·41 in contrast to more than 0·9 in the other two methods. The structure parameters refined by the Rietveld method are all in good agreement with the results obtained from the single crystal structure analysis by Smith and Isaacs (1964) , as shown in Table 1 . 
(b) Energy Dispersive Diffraction Spectra of GeD,. at High Pressure and Temperature
The diamond anvil cell used in the present study was originally designed by Yamaoka et al. (1979) . Pressure and temperature can be generated easily up to 20 GPa and 550"C. NaCI powder was placed in the cell as an internal standard for the pressure calibration. The sample temperature was measured with a thermocouple close to the surface of the diamond. An example of an energy dispersive pattern is shown in Fig. 2 The kinetics of the phase transition were studied taking advantage of the short measuring time permitted by the energy dispersive method. Ge02 is known to have a phase transition from a trigonal form to a tetragonal one at high pressures and temperatures. Under a constant pressure of about 30 kb and varying temperature, a phase transition was observed at 29 kb and 220°C, as shown in Fig. 3 . The mass ratio of the two phases was estimated from the peak ratio obtained in the profile fitting. The rate constant k and order n of the reaction of the transition in the kinetic equation, x( t) = 1-exp( -k t n), were estimated from the observed bulk fractions x( t) at 15 minute intervals. The values of k and n were 0·0302 per hour and 1·056 respectively. A phase transition was also observed at 31 kb and 315°C and at 29 kb and 380°C. Hence, we can derive the Arrhenius activation energy E of the transition from the equation, log k = C -E12· 303 R T; this was found to be -16 kcal mol-1 .
A Newly Designed X-ray Powder Diffractometer
A newly designed powder diffractometer for the Photon Factory has as an objective (1) the alignment of the diffractometer assembly should be as easy as possible, because the experimental hutch is also used by other groups with different apparatus. Other objectives are (2) the wavelength of the incident beam can be changed simply in order 'to take advantage of anomalous dispersion, (3) the intensity of the diffracted beam can be measured with sufficient accuracy for Rietveld analysis and (4) energy dispersive diffractometry can be carried out as in the case of the old diffractometer.
We designed a special slit system for the alignment, which will be discussed in detail in a later section. As for changes of the wavelength, we adopted a fixed exit position monochromator which was specially designed by Spieker et al. (1984) in order to make re-adjustment of the heavy diffractometer unnecessary unless a precise alignment is required. Several improvements were made to achieve the necessary accuracy for the iqiensity measurements. The first was that the angles of counter scanning and specimen rocking were measured by means of rotary encoders directly attached to the gon;iometer axes to eliminate errors due to gears. The second is that the intensity of the monochromatised incident beam of the goniometer is monitored by the intensity of fluorescent and scattered X-rays from an Al foil in the X-ray path. The third is that the X-ray path is evacuated by a rotary pump in order to reduce the tail part of the diffraction profiles which are usually difficult to fit in the profile analysis. The fourth is that a powder specimen can be rotated at a higher speed than one revolution per second to average out the intensity of diffracted beams from crystallites with dig"erent size and different orientation. In the case of the energy dispersive method, the monochromator can be removed from the incident SOR beam path and a guide tube with an incident slit is set in place of the monochromator. The goniometer should be displaced about 50 mm from the position used for the angular dispersive method. A portable-type SSD is fixed on the counter arm in place of the scintillation counter. and a special slit system for alignment. Other attachments include a high speed specimen spinner, a counter monochromator with a graphite crystal and a specimen heating apparatus. The camera radius of the goniometer is 300 mm and the detector is an NaI(Tl) scintillation counter. The range of angles for detector scanning is from _40° to + 150" and for specimen rocking from -20" to + 190". Both angles are measured by rotary encoders directly attached to the goniometer axis. The resolution of the encoder is 5 x 10-4 0. A sample holder and the specimen spinner can both be set in a vacuum chamber at about 1 Pa.
The fixed exit position monochromator has a monolithic silicon crystal with a (Ill) reflecting plane. The range of wavelengths is from O· 76 to 3·6 A. from this reflection, but the intensity of X-rays longer than 2·3 A. will be reduced very much by windows in the vacuum X-ray path. The position of the outgoing beam is 50 mm higher than the incident SOR beam. The crystal is also placed in a vacuum chamber at about 1 Pa. The monochromator system with incident slit, exit slit and monitor can be moved vertically, that is, at right angles to the SOR beam. The distance of movement can be controlled with a minimum step of 1 /Lm. The intensity of the fluorescent and scattered X-rays from an Al foil, placed in the outgoing beam path of the monochromator at an angle of 45°, is measured with an NaI(Tl) scintillation counter to monitor the beam intensity. The slit system for alignment has eight slits, of which four are before the incident slit of the monochromator and form the first composite collimation slit. The rest are after the goniometer, at a distance of 1650 mm from the first slit. The second slit has a stage for an ionisation chamber (IC) to measure the intensity of X-rays passing through each slit. The four slits of the first and the second slit are separated vertically by 50 mm and horizontally by 140 mm. The lower pair (ADM slit) is used for alignment in the angle dispersive method, while the upper one (EDM slit) in the energy dispersive method.
The whole system of goniometer, monochromator and collimation slit is on the same stage which can be moved horizontally by 140 mm at right angles to the incident SOR beam and can be fixed at both ends. 
(b) Alignment of the Goniometer
The alignment of the goniometer is done in two stages; the first is alignment using the collimation slit and the second is a more precise alignment by displacing the monochromator vertically. In the first operation a stage on a rack with four legs is fixed at the left end in the rear view (Fig. 6) at the beginning. The outside ADM slit of the first collimation slit is placed just in the centre of the SOR beam. The same slit of the second collimation slit is moved to the centre of the beam passing through the first slit. The position of the second slit is finely adjusted at the centre of the SOR beam through the first slit, according to the vertical intensity distribution measured by the ionisation chamber after the second slit. An example is shown in Fig. 7 , where the widths of the first and the second slit were 100 and 50/-Lm respectively, and the length of the rear legs was changed by 10 /-Lm. Now the height of the second slit can be adjusted within 10 /-Lm, so that the optical axis of the diffractometer system is parallel to the SOR beam within 3 x 10-4 o. Then the stage was moved to the right end by 140 mm and fixed. By this adjustment the centre of the monochromatised beam will pass through the goniometer axis within 50 /-Lm if the position of monochromator is adjusted according to a previous measurement. If more precise alignment is necessary, the vertical position of the monochromator should be finely adjusted. If the scattering angle of the same diffraction line can be measured on the lower and the upper side of the incident monochromatised beam, the distance 5 between the centre of the beam and the goniometer axis can be estimated· as 5 = R sin 'Yj, where R is the camera radius and ' Yj is half the difference in the two scattering angles, as shown in Fig. 8 . Then the monochromator is displaced by a distance 5 in order to bring C to P in Fig. 8 . In estimating 5, it is assumed that the goniometer axis lies on the surface of the specimen.
Basic Characteristics of the Diffractometer
The minimum controllable angle of the goniometer and the monochromator was o . 00 1 ° and the vertical distance of the monochromator was 1 /-Lm. The length of the legs of the rack is controlled only by the number of pulses sent to the driving motors and this can be controlled relatively to 1 p.m, but absolutely only to about 20 p.m. When the angle of the goniometer is scanned by a constant number of pulses sent to a motor to reduce the time of scanning, the reproducibility of the angle was ±0·0015°. This error was neglected in the intensity measurement with 8-28 scanning. The basic characteristics of the monochromator and the monitor were found as follows. 
(a) Basic Characteristics of the Monochromator
The position of the outgoing beam shifted about 300 p.m when the Bragg angle was changed from 7· 0° to about 35°. The wavelength of the outgoing beam was calibrated against the angle of incidence read at the absorption edges of several materials. The main calibration was carried out twice. The results are listed in Table 2 . The wavelength A is assumed to be given by A = 2d (111) 
(b) Normalisation by the Monitor Intensity
The 111 reflection of NBS Si 640b was measured for three different widths of the incident slit of the monochromator and for different divergences of the Soller slits with a receiving slit of 0·2 mm. Unsmoothed data from this experiment are shown in Fig. 10 . The integrated intensity obtained from data normalised by the monitor intensity is shown in Table 3 . In the normalisation the monitor intensity was smoothed linearly against the scattering angle. The results for slit widths of 0·2 and 0·3 mm show that the normalisation is effective to about three digits in spite of the differences in the raw data. The result for the O·S mm slit (dashed curve) shows that the efficiency of fluorescence and scattering seems to change slightly owing to a decrease in the purity of wavelength of the beam.
s. Discussion
Only basic characteristics have been obtained for the newly designed powder di1fractometer. Although the intensity of the incident beam of the goniometer was not so high, its accuracy was better than expected. The most interesting investigations with the new diffractometer are expected to be those taking advantage of anomalous dispersion. Energy dispersive diffractometry has also been started with the new diffractometer.
